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© Improved spiral wound membrane cartridge and method of treatment 



© Disclosed are spiral-wound membrane cartridge 
constructions (10) for use in ultrafiltration and 
reverse-osmosis separation equipment, each of 
which include a feed layer (16), a membrane layer 
(14) and a permeate carrier layer (12). By using a 
feed layer (16) in the form of a channel material 
having a plurality of parallel ribs (50) extending in an 
axiai direction, interconnected by a matrix of smaller 
filaments (52) which may be generally perpendicular 
thereto, this construction advantageously reduces re- 
sistance to liquid flow axially through the cartridge 
(10), registering only very low pressure drops. Such 
cartridges of 40 to 70 inches in length and 8 inches 
in diameter may be employed in series, even within 
a single outer casing or pressure vessel. Such con- 
structions are especially useful in separating liquids 
" having high levels of particulate contamination using 
ultrafiltration membranes where clogging of the car- 
I s * tridge is a common problem and also in concentrat- 
ing solutions of fairly viscous water-soluble poly- 

rNmers. 
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IMPROVED J5PIRAL*yVOUND MEMBRANE CARTRIDGE AND METHOD OF TREATMENT 



The present invention relates generally to ul- 
trafiltration and more particularly to spiral-wound 
membrane cartridges for separating one compo- 
nent from a fluid component, such as separating a 
relatively clean liquid from a liquid mixture, and 
related methods of separation treatment. 

BACKGROUND OF INVENTION 



The use of semipermeable membranes for ef- 
fecting liquid separations has become well accept- 
ed, and membranes both for ultrafiltration applica- 
tions and reverse-osmosis applications are pres- 
ently in use for a wide spectrum of applications, 
including water purification, concentration of dilute 
mixtures or solutions, and waste treatment and/or 
recovery of recyclable components. A large variety 
of semipermeable membranes have been devel- 
oped, and spiral-wound cartridges have been one 
accepted type of device which has been found 
valuable for efficiently providing a large amount of 
membrane surface area within a given spatial vol- 
ume. While such spiral cartridges utilizing sheetlike 
membranes have proved satisfactory and have giv- 
en good performance in many applications, im- 
provements in devices of this type are constantly 
being sought, as no. single separation device has 
yet proven to provide the best performance in 
every type of situation, particularly when consider- 
ing the wide variations in feed materials that are 
encountered. Especially troublesome are liquid 
feed materials that carry particulate contaminants 
that tend to frequently plug sheet-like semiper- 
meable membranes and liquid feed mixtures which 
are high in viscosity. 

Accordingly, improvements in the design of 
such spiral wound membrane cartridges continue 
to be sought after. 



the cross filaments being of much smaller size than 
the channel-creating ribs. In the cartridge, the spiral 
feed layer is flanked by sheets of semipermeable 
membrane through which one component of the 

5 mixture being treated permeates as the feed mix- 
ture flows from the inlet end to the outlet end of the 
cartridge. The openness of the channel construc- 
tion is such that the pressure drop through the 
cartridge is rendered quite small without undesir- 

w ably affecting permeation of the component being 
separated through the membrane and is found to 
be particularly effective in combination with ultrafil- 
tration membranes. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a front view of a membrane 
20 cartridge embodying various features of the inven- 
tion; 

Figure 2 is a cross-sectional view through 
the cartridge taken along tine 2-2 of FIG. 1; 

Figure 2A is an enlarged fragmentary view of 
25 a small portion of FIG. 2 showing the details of the 
structure of the leaves in the spiral winding; 

Figure 3 is a cross-sectional view similar to 
FIG. 2 but showing the assemblage in its un- 
wrapped condition; 
30 Figure 4 is a perspective view which sche- 

matically illustrates the winding of the various 
leaves about the central tube; 

Figure 5 is a perspective view similar to FIG. 
4 showing the attachment of a permeate carrier leaf 
35 to the central tube; 

Figure 6 is an enlarged fragmentary per- 
spective view of the sheet-like feed material as it 
generally appears in FIG. 4; and 

Figure 7 is a schematic assembly view, re- 
40 duced in size, showing the cartridge in use within 
its outer pressure-resistant container. 



SUMMARY OF THE INVENTION 



It has been found that the overall performance 
of such spiral-wound membrane cartridges can be 
improved by the employment of a feed or supply 
material of sheet-like construction such that a plu- 
rality of parallel channels are created which extend 
axially through the cartridge in its final spiral-wound 
form. These channels are created between adja- 
cent parallel ribs of substantially uniform size that 
are interconnected by cross fibers or filaments 
which are arranged generally perpendicular thereto, 



DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 



As seen in Figures 1-3, a cartridge 10 includes 
a multilayer wrapping about a central tube 18 
so which serves as a permeate collection pipe. The 
sidewall of the tube 18 is porous or provided with 
defined openings 20 so that the permeating liquid 
from the spiral winding can enter the tube thereth- 
rough. Discharge can be via one or both of the 
open ends of the tube, or optionally, one end of the 
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tube can be closed as in the illustrated version 
where the tube 18 is plugged at the inlet end. Very 
briefly, the incoming feecj mixture enters the win- 
dings at one end, termed the input end, as in- 
dicated by the arrow in Figure 1, flows axially 
through the spiral windings and out the opposite, 
discharge end where a substantially open spacer 9 
is provided to create a plenum, as seen in Figure 
7, through which the concentrated feed mixture 
flows before it exits via a side concentrate outlet 
44. 

Throughout this description, the term "feed 
mixture" is used to generally describe a fluid mix- 
ture of at least two components. The materials 
usually being separated are either a solution of a 
solid or a liquid in another liquid or a mixture of two 
liquids; however, both of the components could be 
gases so that the cartridge assembly might be 
used to separate one gas from a mixture of two or 
more gases. In its travel through the windings of 
the cartridge from end to end. it should be under- 
stood that the permeating component will pass 
through the minute pores in the ultrafiltration mem- 
brane or the reverse-osmosis membrane 14 while 
the remainder of the feed mixture flows axially 
toward the discharge end, growing continuously 
more concentrated. The permeating component 
then enters into a permeate carrier material 24 and 
flows spirally inward therewithin until it reaches the 
porous central tube 18. 

As perhaps best seen in Figure 3. the cartridge 
10 is assembled by forming one or more compos- 
ite leaves and then wrapping this assembly about 
the central tube 18. as by rotating the tube (see 
FIG. 4). The central tube may extend out one or 
both ends of the casing, and the winding will be at 
an intermediate location along the tube wherein a 
series of holes or perforations 20 will be located so 
as to provide communication through the sidewall 
of the tube in the area where the winding will be 
located. As shown in FIG. 5. the tube may be first 
wound with the end of a length 1 2a of a sheet of 
felt material or the like that will serve as the perme- 
ate carrier which can be attached to the tube by 
bands of adhesive 26 located along inner end of 
the sheet and along both lateral edges, which ad- 
hesive also serves to seal the lateral edges of the 
permeate carrier winding to prevent the entry 
thereinto of the feed mixture at either the inlet 
plenum or the outlet plenum. Sufficient adhesive 26 
is provided so that it will soak through the porous 
layer and also provide a bond to the membrane 14 
itself. 

One or more sandwiches of semipermeable 
membrane 14 folded about a length of a sheet of 
feed carrier material 16 (See FIG. 3) are then 
arranged in position with the membrane fold resid- 
ing closest to the central tube 18. If two or four 



sets of sandwiches are employed, as shown in 
Figure 3, then one or more additional lengths of 
permeate material 12 are provided so that, in the 
windings, the membrane sandwiches are always 

5 separated from one another by a length of perme- 
ate material 12. These additional lengths of perme- 
ate carrier 12 can be adhesively or otherwise suit- 
ably affixed to the outer surface of the wrapping of 
the longest length 12a (see FIG. 3) and would also 

w have bands of adhesive material 26 saturating both 
lateral edges. Thus, in the final assembly, the inte- 
rior surfaces of the doubled-over membrane sheet 
14 which lie next to the feed carrier sheet 16 will 
be the active or dense surface of the membrane, if 

is it is an asymmetric membrane or a composite 
membrane, and these surfaces will be in contact 
with the feed mixture being treated (as seen in FIG. 
2A). 

When the winding takes place, the crease of 

20 the folded membrane 14 with its interleaved feed 
carrier 16 will be in the nip between the leaves 12 
of permeate carrier and adjacent the initially 
wrapped central tube 18. As the tube is rotated 
(see FIG. 4), the spiral winding is formed, and the 

25 porous permeate carrier 12 becomes secured 
along both of its surfaces to the adjacent nonactive 
or supporting membrane surface via the adhesive 
bands 26. A further band of adhesive is also laid 
down along the remote end of each permeate 

jo carrier sheet so that there is a complete seal or 
blockage along the lateral and outer edges of the 
permeate layer sheets and attachment of these 
edges to the three unfolded edges of the semiper- 
meable membrane sheets 14. As a result, the only 

35 entry to the porous permeate carrier is through the 
minute pores in the semipermeable membrane 
through which the substantially pure first compo- 
nent passes. 

After the final turn is taken to complete the 

40 winding of the cartridge, the feed carrier layer 16 
may be allowed to extend around the cylindrical 
body so that it forms an outer overlayer and then 
secured in place by plastic tape or the like or the 
entire exterior of the cartridge 10 can be wrapped 

45 with plastic tape 22 as shown in FIG. 1. Depending 
upon the overall design of the unit 38, the cartridge 
10 can be proportioned to have a diameter such 
that it will fit snugly inside the pressure-resistant 
casing 38 of the unit, or a peripheral cheveron-type 

so or some other suitable seal 39 can be included to 
control flow of the feed mixture through this region 
along the exterior of the cartridge. The feed enters 
the unit 38 through a center inlet 36, and the 
relatively pure permeating component exits through 

55 the open end of the tube 18 which serves as the 
permeate discharge outlet 40. If needed to maintain 
a minimum desired pressure in the feed passage- 
ways through the spiral cartridge 10, a restrictor 42 
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or some other pressure regulator can be located in 
the side outlet 44 for the concentrate. 

As can be seen in Figure 5,' the final cartridge 
rncludes the central tube, which has a plurality of 
perforations 20, surrounded by a layer 12a of the 
permeate carrier material adjacent which are lo- 
cated the folded panels of semipermeable mem- 
brane sandwiching the feed carrier sheets 16. The 
semipermeable membrane sandwiches are spaced 
apart by the leaves of the permeate carrier material 
12 throughout the spiral-wound cartridge. The 
semipermeable membrane material 14 can be of 
any of the well known reverse-osmosis or ultrafil- 
tration membranes that have been developed over 
the past thirty years. They can be of the asymmet- 
ric type, such as the cellulose acetate membranes 
disclosed in U.S. Patents Nos. 3.133.137 and 
3.344.214 wherein a thin, active, dense layer is 
formed at one surface of cast polymeric material 
by selective evaporation or the like, whereas the 
remainder of the membrane throughout and ex- 
tending to the other surface is of a much more 
porous composition which tends to integrally sup- 
port the dense active surface layer which exhibits 
the semipermeable characteristics. Alternatively, 
the recently developed composite membranes can 
be employed wherein a dense, active layer is 
formed of a chemically different material than the 
nonactive supporting layer, examples of these be- 
ing shown, in U.S. Patents No. 4,259,183 and 
4,265.745. Such composite membranes can be 
made by any suitable method; however, frequently 
an interfacial condensation reaction is carried out 
whereby a thin film is formed by reactants which 
create a thin, dense, polymeric surface, such as a 
polyamide having the desired semipermeable char- 
acteristics. The porous, less dense, supporting lay- 
er adjacent which the interfacial condensation reac- 
tion takes place can be of any suitable polymeric 
material, such as a polysulfone, having the desired 
pore size to adequately support the ultra-thin, inter- 
facial layer without creating undesirably high pres- 
sure drops across it. Suitable ultrafiltration mem- 
branes can be made by casting suitably porous 
membranes from polysulfone or by using other 
polymeric materials well known in this art, and this 
feed carrier material is felt to be particularly ad- 
vantageous for use with ultrafiltration membranes, 
which for purposes of this application are consid- 
ered to be membranes which will not reject soluble 
salts or organics below about 5000 molecular 
weight. 

Generally, materials that will be used for the 
construction of these cartridges will be selected by 
those having the ordinary skill in the art for the 
particular application in question. The central tubes 
18 may be of any suitable materials compatible 
with the intended commercial use. For exampfe, 



high strength plastic materials, such as polyvinylch- 
loride, can be employed. The permeate transfer 
leaves may be of porous felt or fabric material, as 
well known in the art. and felts sold under the 

5 brand name "Tricot", made of polyester material 
are frequently used. The permeate carrier layer can 
also be a coated woven material, such as a Tricot 
polyester or an epoxy or melamine-coated polyes- 
ter material. The adhesives used to bond the ma- 

ro terial can be of the polyurethane type, as well 
known in this art; epoxy resin formulations having 
suitable setting times can alternatively be em- 
ployed, as well as other polymeric adhesives such 
as those which are polymers or copolymers of 

is vinyl resins. 

The present invention is directed to improve- 
ments in the feed-carrier material 16 which pro- 
vides passageways which extend axially from the 
input to the discharge end of the cartridge 10, 

20 which are spiral in overall cross-section as a result 
of the spiral winding about the central tube 18. The 
function of the feed-carrier material 16 is to space 
the facing, active surfaces of the panels of semi- 
permeable membrane 14 apart from each other so 

25 that the feed mixture, which is being pumped 
through the cartridge usually at an inlet pressure of 
at least about 75 psig., can flow in contact with 
both active surfaces through which permeation oc- 
curs. As in any fluid flow application, the pressure 

30 drop- is desirably maintained at a relatively low 
level, and by minimizing pressure losses in car- 
tridges of this type, it will often be feasible to 
connect from two to ten or more such cartridges in 
series flow arrangement without exposing the first 

os cartridge to undesirably high pressures. It has been 
found that, by employing extremely porous or 
open, channel-forming grid material 16 to create 
the feed passageways, extremely low pressure 
drops can be achieved without undesirably affect- 

40 ing the rate of permeation that occurs through 
membrane panels 14 of most semipermeable ma- 
terials. 

Commonly, an ultrafiltration or reverse-osmosis 
membrane is cast upon a thin layer of poly- 

45 propylene felt backing material which essentially 
integrally supports the membrane material against 
puncture and excessive deformation even when 
high feed pressures are employed. Inasmuch as 
this aspect of the cartridge is not directly involved 

so with the particular improvement of the present ap- 
plication, such a polypropylene felt backing layer, if 
included, is merely herein considered as being part 
of the membrane itself, lying adjacent to its nonac- 
tive surface and being sealed along its three outer 

55 edges by the same adhesive 26 which saturates 
the edges of the permeate carrier material 1 2. 

The feed-carrier layer t6 is preferably formed 
of a polymeric material having a plurality of equally 
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spaced parallel ribs 50 of equal size; the height of 
the ribs generally determines the spacing between 
the facing semipermeable membrane sheets 14 in 
the spirally-wound cartridge 10. The ribs 50 can be 
of a circular or even an irregular cross-section, but 
they are preferably of generally rectangular cross- 
section with the longer dimension of the rectangle 
thereby constituting the height of the rib and there- 
fore determining the effective thickness of the feed- 
carrier layer and the spacing between the facing 
sheets of semipermeable membrane. The ribs 
could also be of square cross-section or any other 
suitable cross-section, but preferably they have 
smooth surfaces representative of extruded ther- 
moplastic materials. The thickness of the feed car- 
rier layer (i.e., the height of the ribs) can range 
between about 0.15 inch and about 0.03 inch. The 
thickness of the feed-carrier material chosen may 
also be dependent upon the overall diameter of the 
cartridge because it will affect the total amount of 
surface area of membrane that can be incorporated 
within such a spiral cartridge of given diameter and 
length. Preferably, the thickness of the feed-carrier 
layer is between about 50 mils (0.050 inch) and 
about 90 mils, which thicknesses are considered to 
be perfectly suitable for employment in cartridges 
having lengths of up to about 70 inches from input 
and to discharge end, or even longer lengths. The 
thickness used may also depend upon the particu- 
lar application for which the cartridge will be used; 
for example, the pressure that will be employed 
and the nature of the membrane in question are 
factors to be considered. There are certain applica- 
tions for which spacers of about 35 mils thickness 
are perfectly suitable; of course, the thinner a feed- 
material carrier 1 6 is, the more total surface area of 
membrane it should be possible to include in a 
spiral cartridge of a given outer diameter. 

The ribs 15 are uniformly spaced apart from 
one another in a parallel grid-like formation which 
assures equal spacing between adjacent ribs. Pref- 
erably, the ribs may be spaced apart a distance 
equal to or between about 3 and about 10 times 
the width or diameter of the ribs. This uniform 
spacing is achieved by the use of cross filaments 
52 which are arranged so as to preferably extend 
parallel to one another and transverse or generally 
perpendicular to the ribs 50. The cross filaments 
52 are themselves uniformly spaced from one an- 
other and are of a height less than half the height 
of the ribs, and preferably less than about 25% of 
the height of the ribs. The spacing between adja- 
cent filaments 52 is preferably between about 0.5 
and about 1.5 times the spacing between the ribs, 
providing an overall open grid pattern for the sheet 
material in plan view. Although theoretically it 
would seem preferable for the filaments to be lo- 
cated midway between the upper and lower sur- 



faces of this sheet-like feed-carrier material 16, the 
nature of manufacture is such that the filaments 52 
are more conveniently located adjacent one surface 
of the material, i.e., so the junctions between the 
s cross-filaments and the ribs are all located either at 
the top or the bottom of the rectangles; however, 
the performance of the cartridge does not appear 
to be influenced adversely as a result of such off- 
center location. Polymeric grid material having 
to these characteristics made of polypropylene can 
be obtained from the Conwed Plastics Corporation 
as well as from the Nalle Plastics Corporation. The 
employment of such feed-carrier materials 16 in a 
spiral cartridge 10 creates axially extending chan- 
15 nels throughout the spiral cartridge from one end to 
the other and results in a much lower pressure 
drop in the feed mixture that is being pumped 
therethrough than occurs in a similar cartridge us- 
ing the Vexar material that has been standard in 
20 such cartridges for a number of years. 

Spiral-wound separation cartridges utilizing 
these feed-carrier materials are considered to be 
particularly useful in the separation of components 
from liquid mixtures, such as contaminated aque- 
25 ous solutions, and they have been found to be 
particularly valuable when the contaminated feed 
contains a relatively high amount of suspended 
solids. Suspended solids of a size too small to be 
removed by standard prefilter units may result in 
30 irreversible plugging in spiral-wound cartridges 
having the so-called Vexar screen material com- 
monly used commercially in the United States to- 
day. Comparable spiral-wound cartridges employ- 
ing the channel-providing feed layers in accor- 
35 dance with the present invention show little or no 
feed channel plugging and comparable initial per- 
meation performance. In general, two of the char- 
acteristics of these cartridges incorporating feed 
carriers of particular importance are their resistance 
40 to plugging of the membranes by suspended solids 
and the ability to promote shear stress in the 
flowing stream at the surface of the membrane, 
which shear stress is believed to contribute to both 
the resistance to plugging and to favorable perme- 
45 ation flow through the membrane. 

The thickness of the feed-carrier layer has a 
direct relation to the amount of total membrane 
surface area that can be incorporated within a 
spiral-wound module of given diameter in length, 
so The so-called standard module, upon which com- 
parison is based, is that using a cross grid of 
spacer material obtained from Nalle, which has now 
replaced the previously employed woven material, 
and which is marketed as Nalle MP-104 having a 
55 thickness of 30 mils and consisting of a square grid 
pattern of strands of equal diameter constituting 
essentially upper and lower layers of respectively 
parallel strands both oriented at 45* to the direc- 
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tion of flow axially through the spiral-feed-mixture 
passageway. Compared to such a standard mod- 
ule, a spiral-wound module employing a 50 mil 
thick -channel-like feed carrier as described herein- 
before, the standard module would have about 1 .23 
times more total surface area. Likewise, the stan- 
dard module would have nearly twice as much 
membrane surface area as would a module made 
using the 90 mil thick, channel-type feed-carrier 
material. However, even though the, total surface 
area of the membrane module is lower, under 
certain conditions, the total output flow of permeate 
per cartridge is comparable or greater and from the 
standpoint of length of operation without the neces- 
sity to shut down for back-flushing and/or other 
cleaning, the long term output of membrane mod- 
ules incorporating features of the present invention 
can greatly exceed those of comparable membrane 
modules incorporating the standard Vexar feed 
spacer material. 

In one test on the dewatering of the discharge 
of an aqueous cutting oil emulsion having sus- 
pended solids that increased the tendency to foul 
and plug the membranes, testing was carried out 
with a cartridge having the standard 30 mil thick 
Vexar spacer versus one having a 90 mil thick 
channel-type material both using Teflon-type semi- 
permeable membrane. Both gave oil-free perme- 
ate; however, at an average input pressure of about 
35-psi, the pressure drop in the standard mem- 
brane cartridge of 2.5 inches diameter and of 40 
inches length was 10 psi whereas the cartridge 
utilizing the 90 mil feed-carrier exhibited a pressure 
drop of only 4 psi when both were operated at a 
feed flow rate 4 gaL'min. Moreover, the cartridges 
utilizing the 90 mil material were nearly twice as 
efficient over a period of 30 days, producing 17.6 
gallons per square foot per day (gfd) versus about 
8.6 gfd. for the standard cartridge. At the conclusion 
of the test, back-flushing and cleaning with an 
alkaline degreaser were carried out, and subse- 
quent testing with plain tap water showed that the 
effects of the fouling were still present inasmuch as 
the gfd of about 55.6 for the channel-type feed- 
carrier cartridge was slightly more than twice that 
of the 27.2 gfd value obtained for the standard 
spiral membrane cartridge. Therefore, although the 
standard membrane includes nearly twice the total 
surface area of membrane, the total output of both 
are substantially the same because of the nearly 
double gfd value and the lower pressure drop; 
however, the greater long term resistance to fouling 
makes the cartridge containing the 90 mil feed- 
carrier material the clear choice for this particular 
treatment application. It thus appears that, with a 
feed mixture to be treated, such as an oily, aque- 
ous waste having a high tendency to foul the 
membrane, the use of spiral-wound cartridges em- 



ploying the channel-type feed material will be of 
very significant advantage. 

With particular respect to the improvement in 
the pressure drop through a spiral-wound mem- 

5 brane, tests were run with cartridges 40 inches in 
length, using the standard Vexar material and using 
three different channel-type feed-carrier materials 
of respectively 33 mils, 50 mils and 90 mils in 
thickness. Whereas the Vexar standard module had 

io a pressure drop, at a feed flow of 20 gallons per 
minute (gpm), of about 10 psi. the 33 mil material 
showed a pressure drop of only 6 psi, the 50 mil 
material a drop of only about 2 psi, and there was 
no measurable pressure drop with respect to the 

15 90 mil material, all at the same feed flow of 20 
gpm. It can be appreciated that this very signifi- 
cantly smaller pressure drop can offer substantial 
advantages in utilizing two or more membrane car- 
tridges in series flow, particularly within a single 

20 elongated outer casing, which should improve over- 
all performance and furthermore will be even of 
greater advantage when a feed mixture having a 
tendency to foul the membrane is being treated. 
Moreover, this minimal pressure drop when utilizing 

25 the 90 mil thick material offers significant advan- 
tages from the standpoint of being able to create 
arrays of membrane cartridges in series and par- 
allel arrangements because the decrease in pres- 
• sure becomes of minor significance. Although an 

30 even thicker material having ribs of a height of 
about 150 mils has been tested, this further in- 
crease in thickness creates a cartridge having only 
about one-third the total surface area of the stan- 
dard cartridge, and although it performs accept- 

35 ably, at the present time it does not seem to have 
any advantage over the 90 mil material which has 
generally no measurable pressure loss when op- 
erating on a clean feed. 

Another advantage of the cartridges utilizing 

40 the channel-type feed carriers is the ability to clean 
the feed channels through the use of either back- 
flushing or forward-flushing with relatively high ve- 
locity liquid flow. This is of particular value when a 
feed mixture containing minute suspended solids is 

45 being treated, because cartridges having such neg- 
ligible pressure drops make high velocity flushing 
to remove these accumulations quite feasible, and 
as a result, overall performance of such an installa- 
tion is further increased. In general, the cartridges 

so made in accordance with the present invention are 
felt to be particularly valuable for use with feed 
mixtures including suspended solids, as well as 
with aqueous mixtures of partially soluble solids, 
such as glycols, oils and proteins, and those of 

55 high viscosity. 

The particular application in question for which 
a cartridge will be used will be instrumental in 
determining the preferred characteristics for the 
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channel-type feed-carrier material. For example, 
when the feed mixture being treated has a fairly 
high amount of suspended solids, the 50 or the 90 
mil thick material is preferred because it has the 
greatest resistance to plugging and also facilitates 
flushing and cleaning when such eventually be- 
comes necessary. On the other hand, a channel- 
type material about 30 mils thick may be used in 
the treatment of brackish water or may be used in 
separating a component from a gaseous mixture, 
applications where plugging is not considered to be 
a problem. 

Cartridges using these spacers are considered 
to be particularly valuable for concentrating solu- 
tions having a viscosity of about 50 centipoises or 
higher where standard cartridges are generally in- 
effective. As an example of one commercial ap- 
plication, cartridges using the channel-like spacers 
are employed when an aqueous solution of poly- 
vinyl alcohol (PVA) Is being concentrated. The in- 
coming stream of material is an approximately 2 
weight percent aqueous solution at a temperature 
of about 180* F. and it is desired to concentrate the 
solution to an about 13 weight percent PVA solu- 
tion, at which percentage it is quite viscous, i.e., 
having a viscosity of about 88 centipoises which is 
about 7 times its initial viscosity. Membrane car- 
tridges are fabricated having an outer diameter of 
about 8 inches and a length of about 40 inches. 
The cartridges are made using a polysulfone ul- 
trafiltration membrane which is laid down on a 
polyester nonwoven base. The permeate carrier 
layer is * Tricot felt having a thickness of about 
0.012 inch, the edges of which are secured to the 
facing membrane surfaces using an adhesive of 
polyurethane. Cartridges are rolled using the stan- 
dard Vexar material having a thickness of 30 mils, 
and several of these are retained for comparison 
test purposes. The remainder of the cartridges are 
unrolled after the adhesive has set, and the Vexar 
is removed and 50 or 90 mil thick channel-type 
feed layer material is substituted. When channel- 
type feed layers of about 50 mils thick or less are 
used in 4 inch diameter cartridges, they are rolled 
directly and need not be substituted after the adhe- 
sive sets. The ribs are 50 mils high and rectangular 
in shape having a thickness of about 20 mils. They 
are spaced apart so that the distance between 
adjacent ribs is about 150 mils. The cross-filaments 
are about 10-15 mils high and are similarly spaced 
apart about 150 mils to create a generally square- 
type grid of polypropylene material. Accordingly, 
the spacing of both the ribs and the cross-filaments 
is about 5-6 to the inch. 

The 2% solution is pumped separately through 
standard cartridges and through the cartridges us- 
ing the 50 mil feed-carrier material at an entry 
pressure of about 85 psig. In the standard mod- 



ules, it has a flow rate therethrough of about 45 
gallons per minute whereas in the cartridges using 
the 50 mil feed carrier layer, it has a flow rate of 
about 80 gallons per minute. The amount of per- 

5 meate from the standard cartridges is initially about 
1 .5 gfd. whereas the amount of permeate from the 
improved cartridges is about 3.5 gfd. After about 1 
hour, the permeate from the standard cartridge 
begins to sharply drop off. showing that clogging is 

w beginning to occur. In contrast, the improved car- 
tridge continues to function at about the same rate 
with no noticeable drop-off for about 5 days, at 
which time a very slow decrease in permeate be- 
gins to occur. By using a series of the improved 

is membrane cartridges, the 2% PVA solution can be 
effectively concentrated to a 13% solution. Even 
the cartridges operating on the most concentrated 
feed solution have pressure drops within accept- 
able limits, i.e., about 10 psi, and are able to 

20 operate continuously for a period of about 5 days 
before requiring cleaning. Thus, these cartridges 
are considered to perform quite advantageously, 
and it is believed that they are suitable for the 
commercial concentration of water-soluble poly- 

25 mers. such as polyvinyl materials. 

The invention provides significant improve- 
ments in spiral membrane cartridge performance, 
and these advantages are believed to hold true for 
semipermeable membranes, both of the ultrafil- 

30 tration and the - reverse-osmosis types, although 
they may be particularly advantageous for ultrafil- 
tration separations. Although they are particularly 
useful for separating components from a dirty 
aqueous solution or a liquid mixture containing 

35 suspended solids, depending upon the character of 
the membrane itself, the cartridges could also be 
utilized to separate, concentrate or clean organic 
liquids and could be used for the fractionation of 
gas mixtures. Moreover, because they have ex- 

40 tremely low or sometimes even negligible pressure 
drops, they can be used in relatively low pressure 
environments, thus reducing the cost of the other 
materials that make up the cartridge and making 
for a more economic overall operation both from 

45 the standpoint of cost of materials and operating 
costs. In another application, 11 cartridges of 8" 
diameter and 40" length made with membranes 
having "loose" reverse osmosis characteristics and 
50 mil channel-type spacer material have been 

so coupled in series and exhibit a pressure drop of 
less than 5 psi per cartridge while being used to 
efficiently recover 70% of the volume of water in a 
particularly dirty discharge from an olive process- 
ing installation containing 150 ppm olive oil, 1000 

55 ppm suspended solids, 5000 ppm partly soluble 
matter and 2500 ppm soluble salts. 

Although the invention has been illustrated and 
described with regard to certain preferred embodi- 
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ments. it should be understood that changes and 
modifications as would be obvious to one having 
the ordinary skill in this art may be made without 
deviating from the scope of the invention, which is 
set for in the appended claims. For example, al- 5 
though the invention could be used in cartridges 
which are operated at high pressures, it is consid- 
ered to be an advantage that the invention allows 
most separations to be performed at pressures not 
exceeding about 1 25 psig. Particular features of the to 
invention are emphasized in the claims that follow. 



Claims 

15 

1 . A spiral wound membrane cartridge for sep- 
arating a first component from a fluid mixture of the 
first component and a second component, which 
cartridge comprises 

a porous sheetlike membrane having pores sized 20 
to allow passage of the first component in a gen- 
erally transverse direction while rejecting passage 
therethrough of the second component, said mem- 
brane being spirally wound about a central tube, 
a feed carrier layer of non-woven channel material 25 
having a plurality of generally parallel ribs of similar 
size of extruded polymeric material spaced apart 
from one another, said ribs being interconnected 
by smaller filaments which extend transverse to 
said ribs and maintain said spacing and form feed- 30 
carrying channels extending in a direction of flow, 
parallel to the axis of said tube, said filaments 
having a thickness less than one-half the thickness 
of said ribs and being aligned generally perpen- 
dicular to said ribs, said feed carrier layer being 35 
disposed adjacent a supply surface of said mem- 
brane; and 

a permeate carrier layer disposed adjacent a dis- 
charge surface of said membrane, said permeate 
carrier extending spirally inward to said central 40 
tube which is adapted to conduct the discharge 
flow of the first component from said cartridge. 

2. The cartridge of Claim 1 wherein said chan- 
nel material comprises polypropylene ribs arranged 

to provide between 3 and about 10 channels per 45 
inch. 

3. The cartridge of either Claim 1 or 2 wherein 
said carrier layer comprises polypropylene ribs and 
filaments, has between about 4 and about 10 chan- 
nels per inch, and has said filaments arranged in a 50 
plane located along either the top or the bottom of 

said rectangular ribs. 

4. The cartridge of any one of Claims 1-3 
wherein an assemblage containing at least two 
sheets of said membrane arranged in flanking posi- ss 
tion to a sheet of feed channel material and also 
containing said permeate carrier layer is wound 
spirally about said central tube. 
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5. The cartridge of Claim 4 wherein said mem- 
brane is folded at an inner edge adjacent said 
central tube to create a sandwich of said feed 
carrier layer between two sections of each sheet of 
membrane. 

6. The cartridge of any one of Claims 1-5 
wherein said membranes are ultrafiltration mem- 
branes. 

7. A spiral wound membrane cartridge for sep- 
arating a first component from a fluid mixture of the 
first component and a second component, which 
cartridge comprises 

a porous sheetlike membrane having pores sized 
to allow passage of the first component in a gen- 
erally transverse direction while rejecting passage 
therethrough of the second component, said mem- 
brane being spirally wound about a central tube, 
a feed carrier layer of non-woven channel material 
having a plurality of generally parallel ribs of similar 
size of extruded polypropylene spaced apart from 
one another, said ribs being interconnected by 
smaller filaments of polypropylene which extend 
transverse to said ribs and maintain said spacing 
and form between about 4 and about 10 feed- 
carrying channels per inch extending in a direction 
of flow parallel to the axis of said tube, said ribs 
being generally rectangular in cross-section and 
said filaments arranged in a plane located along 
either the top or the bottom of said rectangular 
ribs, the spacing between said filaments being be- 
tween about 0.5 and about 1.5 times the spacing 
between said ribs, said feed carrier layer being 
disposed adjacent a supply surface of said mem- 
brane; and 

a permeate carrier layer disposed adjacent a dis- 
charge surface of said membrane, said permeate 
carrier extending spirally inward to said central' 
tube which is adapted to conduct the discharge 
flow of the first component from said cartridge. 

8. The cartridge of Claim 7 wherein said fila- 
ments have a thickness less than one-half the 
thickness of said ribs and are generally perpen- 
dicular to said ribs. 

9. The cartridge of either Claim 7 or 8 wherein 
an assemblage containing at least two sheets of 
said membrane arranged in flanking position to a 
sheet of feed channel material and also containing 
said permeate carrier layer is wound spirally about 
said central tube. 

10. The cartridge of any one of Claims 7-9 
wherein said filaments space said ribs apart a 
distance equal to between about 3 and about 10 
times the thickness of the ribs and wherein said 
ribs provide between 3 and about 10 channels per 
inch. 
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